Background: This study compared the incidence of fatal and nonfatal AIDS and non-AIDS events in HIV-positive individuals with a CD4 cell count more than 350 cells/ml among viral load strata: low (<500 copies/ml), intermediate (500-9999.9 copies/ml) and high (!10000 copies/ml).
Introduction
There is evidence that clinical progression to AIDS is associated with a low CD4 cell count [1] [2] [3] . Additionally, some non-AIDS-defining illnesses have also been found at an increased rate in HIV-positive individuals who are immunocompromised [4, 5] . However, the occurrence of both AIDS-defining and non-AIDS-defining illnesses in HIV-positive individuals who are not immunocompromised has not been fully investigated. A recent EuroSIDA study found that there was a continuum of decreasing risk of developing new AIDS events as the CD4 cell count increased which was not observed in non-AIDS events in which no decrease in risk was found in CD4 cell counts more than 350 cells/ml [6] . The Strategies for Management of Anti-Retroviral Therapy (SMART) study [7] compared a CD4 cell count-guided treatment strategy in which antiretroviral therapy (ART) was only started when the patients CD4 cell count fell below 250 cells/ml and was stopped if the CD4 cell count increased to more than 350 cells/ml, with continuous ART designed to achieve maximum and continuous suppression of HIV replication. A higher rate of opportunistic infections, cardiovascular, hepatic and renal disease and death was observed in the CD4 cell count-guided arm, raising questions about the contribution of uncontrolled viral replication on the risk of these clinical events. Deeks et al. [8] also reported that in HIV-positive individuals on long-term protease inhibitor-based combination ART (cART) who were experiencing virological failure (>500 copies/ml), their CD4 cell counts remained higher than their pretherapy levels and they had a lower CD4 cell decline than that in a historical control group of untreated patients. In addition, a recent study by Ferry et al. [5] reported that uncontrolled HIV replication may be an independent risk factor associated with the occurrence of non-AIDS events. It is clinically relevant and important to understand the risk of AIDS and non-AIDS events during these periods of virological replication. The aim of this study was, therefore, to compare the incidence of fatal and nonfatal AIDS and non-AIDS events occurring in HIV-positive individuals with high CD4 cell counts (>350 cells/ml) in different viral load strata.
Methods Patients
The EuroSIDA study is a prospective, observational pan European study of more than 16 000 HIV-positive individuals across Europe, Israel and Argentina. Details of the study have been described previously [9] . In brief, HIV-positive individuals were enrolled in eight different cohorts from May 1994. To be eligible for inclusion into EuroSIDA, individuals must be aged 16 or older and have a prebooked outpatient appointment at the centre.
On standardized recruitment and follow-up forms, data are collected on demographics, for example, age, sex, ethnic origin and clinical information, such as the date and type of development of any AIDS-defining illnesses, opportunistic infection or death and a Coding of Death in HIV (CoDe) case report form is additionally completed for each fatal case [10] . Additionally, from 1 January 2001 onwards, data have also been collected on any serious non-AIDS related clinical events, such as cardiovascular disease (CVD), liver-related and non-AIDS-defining malignancies (NADMs). Furthermore, details on all laboratory measurements since last follow-up are recorded, such as CD4 cell counts, viral load and hepatitis virology/serology. Therapeutic information is collected on the date of starting or stopping any antiretroviral drug, diabetes or lipid-lowering medication. Data are collected and updated at 6-month intervals. These updates include data on all visits and laboratory measurements in the previous 6 months. An extensive quality assurance program has been established that includes data checking at the coordinating office, as well as regular monitoring visits with source verification of all new major events. Ethical approval for each participating centre is sought according to local regulation.
Statistical analysis
For a given month, an individual contributed personyears at risk if their most recent CD4 cell count (measured within the previous 6 months and after 1 January 1997) was more than 350 cells/ml, in addition to a viral load measured within the 6 months before. Follow-up was censored if there was no CD4 cell count or viral load measured in the previous 6 months, or their CD4 cell count dropped below 350 cells/ml, and after their last recorded visit or death. Therefore, person-years contributed by an individual were not necessarily consecutive, depending on the availability of viral load measurements, CD4 cell counts and whether they were greater than 350 cells/ml. Person-years were split into three different viral load strata (<500, 500-9999.9 and !10000 copies/ml).
All fatal and nonfatal AIDS and non-AIDS events, occurring during the follow-up time, were recorded and the incidence rates calculated as the number of events per 100 person-years of follow-up (PYFU) calculated. Recurrences of the same diagnosis were excluded, for example, NADM followed by another NADM, only the first NADM would be classed as an event. Non-AIDS events were further split into individual components (e.g. NADM, CVD) in which there were a sufficient number of events (n > 30). As non-AIDS events were not collected until January 2001, analyses for this endpoint were left censored at 1 January 2001.
Poisson regression analysis was used to determine predictors of different clinical events, adjusted for repeated events per individual. Factors investigated included demographics such as sex, ethic origin, HIV exposure group and region of Europe. In addition, age, year of follow-up, hepatitis B surface antigen (HBsAg) and hepatitis C virus (HCV) antibody status, anaemia, diabetes, hypertension, smoking status, starting cART (yes/no), prior AIDS, CD4 cell count and viral load were included as time-updated covariates. Hypertension was defined as a DBP of at least 90 mmHg or a SBP of at least 140 mmHg or receiving antihypertensive medication. An individual was defined as having diabetes if they had a diagnosis of insulin-dependent diabetes or were receiving diabetic medication or insulin. Anaemia was defined as a haemoglobin level of 12 mg/dl or less or 14 mg/dl or less for females and males, respectively [11] . All deaths were classified as either AIDS-related or non-AIDS-related following the Euro-SIDA three-step hierarchical process for coding cause of death [12] . cART was defined as receiving at least three antiretrovirals after 1 January 1996. All analyses were performed using SAS 9.1 (SAS Institute, Cary, North Carolina, USA).
Results
Eleven thousand, four hundred and ninety-two HIVpositive individuals contributed 51 732 PYFU to the fatal and nonfatal AIDS events analysis ( Table 1 ). The majority of follow-up (82%) were in individuals with a viral load less than 500 copies/ml, 11% of the follow-up was in individuals with a viral load between 500 and 9999.9 copies/ml and 7% of the follow-up was in individuals with a viral load of at least 10 000 copies/ml. Ninety, 61 and 36% of the follow-up in each stratum, respectively, was in individuals who were currently receiving cART. For the non-AIDS events analysis, 10 869 HIV-positive individuals contributed 43 784 PYFU, slightly less than for the AIDS events analysis, as followup was only included from 2001 onwards; however, from Table 1 , the distribution of the follow-up was similar to that of the AIDS events. Table 2 shows the most commonly occurring AIDS and non-AIDS events reported during the follow-up period. Three hundred and fifty-four AIDS events occurred during follow-up, the crude incidence rate was 0.68 per 100 PYFU [95% confidence interval (CI) 0.61-0.76], the most common reported AIDS event was oesophageal candidiasis. Five hundred and seventy-two non-AIDS events occurred under follow-up (incidence rate 1.31 per 100 PYFU, 95% CI 1.20-1.41), the most common of which were cardiovascular events and NADMs.
A higher crude rate of AIDS events was observed in individuals with a higher viral load; this same relationship was not observed for non-AIDS events. Individuals with a viral load of less than 500 copies/ml had an incidence rate of 0.53 AIDS events per 100 PYFU (95% CI 0.46-0.59), compared with 0.90 per 100 PYFU (95% CI 0.66-1.15) in individuals with a viral load between 500 and 9999.9 copies/ml and 2.12 per 100 PYFU (95% CI 1.66-2.58) in individuals with a viral load of at least 10 000 copies/ml. A similar incidence rate of non-AIDS events was observed in individuals with a viral load of less than 500 copies/ml (incidence rate 1.28 per 100 PYFU, 95% CI 1.17-1.39), between 500 and 9999.9 copies/ml (incidence rate 1.52, 95% CI 1.12-1.92) and at least 10 000 copies/ml (incidence rate 1.38 per 100 PYFU, 95% CI 0.95-1.81). Figure 1 shows that after adjustment for the fixed variables of sex, HIV exposure group, region of Europe, time-updated variables, HBsAg and HCVantibody status, smoking status, hypertension, year of follow-up, CD4 cell count and starting cART, there remained a higher rate of AIDS events in individuals with a viral load between 500 and 9999.9 copies/ml compared with a viral load of less than 500 copies/ml [incidence rate ratio (IRR) 1.44, 95% CI 1.02-2.05, P ¼ 0.03]. Individuals with a viral load of at least 10 000 copies/ml had almost a four times significantly higher rate of AIDS events than those with a viral load of less than 500 copies/ml (IRR 3.91, 95% CI 2.89-5.89, P < 0.0001). For non-AIDS events, after adjustment for fixed variables HIV exposure group, region of Europe, time updated variables peak viral load, CD4 cell count, age, HBsAg and HCV antibody status, diabetes, hypertension, smoking status, prior AIDS and started cART, there was a 61% (IRR 1.61, 95% CI 1.21-2.14, P ¼ 0.001) and 66% (IRR 1.66, 95% CI 1.17-2.34, P ¼ 0.004) higher incidence of non-AIDS events in individuals with a viral load between 500 and 9999.9 copies/ml and at least 10 000 copies/ml, respectively, compared with a viral load of less than 500 copies/ ml. This increase was seen particularly after adjustment for age, region of Europe and whether or not the individual had started cART. Adjusting for current use of cART, rather than cART experience, reduced the association, but there was still a significantly higher incidence of non-AIDS events in individuals with a viral load between 500 and 9999.9 copies/ml (IRR 1.56, 95% CI 1.16-2.08, P ¼ 0.002) and at least 10 000 copies/ml (IRR 1.58, 95% CI 1.10-2.30, P ¼ 0.01) compared with a viral load of less than 500 copies/ml. The association with AIDS events and higher viral load was consistent after adjusting for current use of cART (data not shown).
The effect of viral load on the incidence of NADM, CVD, liver-related and pancreatitis events was investigated separately, as more than 30 events were observed for each of these specific non-AIDS events (Fig. 2) . A marginally higher incidence of CVD was observed in individuals with a viral load between 500 and 9999.9 copies/ml (IRR 1.65, 95% CI 1.03-2.66, P ¼ 0.03); however, this was not observed in those with For fatal and nonfatal AIDS events, patients were included from first CD4 cell count of more than 350 cells/ml measured after 1 January 1997, while enrolled in EuroSIDA. For fatal and nonfatal non-AIDS events, patients were included from first CD4 cell count of more than 350 cells/ml measured after 1 January 2001, while enrolled in EuroSIDA. cART, combination antiretroviral therapy; IDU, injection drug use; PYFU, person-years of follow-up.
a viral load of at least 10 000 copies/ml (IRR 1.00, 95% CI 0.50-2.02, P ¼ 0.99) compared with individuals with a viral load of less than 500 copies/ml. For NADM, liver-related and pancreatitis events, no significant differences in incidence were observed across the viral load strata. Figure 3 shows the effect of viral load on the incidence of each endpoint across different CD4 cell count strata. Compared with individuals with a CD4 cell count between 350 and 499 cells/ml, a nonsignificant lower rate of AIDS events was observed in individuals with a CD4 cell count between 500 and 749 cells/ml (IRR 0.88, 95% CI 0.70-1.12, P ¼ 0.31) and at least 750 cells/ml (IRR 0.76, 95% CI 0.54-1.05, P ¼ 0.09) after adjusting for other factors including viral load. For non-AIDS events, no association was found between current CD4 cell count and risk of a non-AIDS events, there was no significant difference in incidence rate between individuals with a current CD4 cell count between 350 and 499 cells/ml and those with a CD4 cell count between 500 and 749 cells/ml (IRR 1.01, 95% CI 0.84-1.22, P ¼ 0.92) or at least 750 cells/ml (IRR 0.98, 95% CI 0.79-1.23, P ¼ 0.89). For both of the endpoints, the effect of viral load was independent of CD4 cell count, with a test for interaction P value of 0.10 for AIDS events and 0.69 for non-AIDS events.
Discussion
In HIV-positive individuals with a CD4 cell count of more than 350 cells/ml, we observed an association with uncontrolled viral replication, and a higher incidence of fatal and nonfatal AIDS events and a slightly increased incidence of fatal and nonfatal non-AIDS events. The higher incidence of AIDS events was observed in individuals in both crude and adjusted analysis. However, the increased incidence of non-AIDS events was only apparent after adjustment, particularly for age, region of Europe and whether or not the individual had started cART. In addition, no differences were observed between intermediate and high viral replication and the incidence of non-AIDS events.
Early studies investigating the prognostic effect of viral load on clinical progression to AIDS demonstrated the association with higher viral replication and an increased risk of the development of AIDS events [13, 14] ; this finding was consistent even in HIV-positive individuals with high CD4 cell counts [15, 16] and this study supports these findings in patients with CD4 cell counts of more than 350 cells/ml. The association we found between viral replication and the incidence of AIDS events appears to be almost linear and was independent of current CD4 cell count.
The association with non-AIDS events and viral replication is harder to interpret. Previous findings have reported a decline in the rate of non-AIDS related deaths when compared with the pre-cART era [17, 18] , suggesting that HIV may play a role in non-AIDS related diseases as well as those classed as AIDS-defining. In addition, in studies looking at treatment interruption strategies, a higher incidence of some non-AIDS events, such as infection, cardiovascular, renal and hepatic complications was seen in individuals who interrupted therapy compared with those on continuous ART and it was hypothesized that this was due to uncontrolled HIV replication [19, 20] . However, these studies did not focus specifically on individuals with high CD4 cell counts, although they did account for current CD4 cell count in the analysis.
This analysis selected only individuals with a high CD4 cell count (>350 cells/ml) and the results were found to be independent of current CD4 cell count. An increased incidence of non-AIDS events was found with intermediate or high viral replication, but it was only apparent after adjustment. Furthermore, unlike the AIDS events, no difference in incidence was observed between moderate and high viral replication. A study by Ferry et al. [5] looked specifically at the factors associated with the first non-AIDS event and found an increased rate of non-AIDS events in individuals with uncontrolled viral replication, after adjustment for current CD4 cell count. They hypothesized that uncontrolled HIV replication may induce a state of immune suppression independent of CD4 cell count. In a study that looked at individuals with high CD4 cell counts, Lodwick et al. [21] found no association in risk of all-cause death and viral replication in treatment-naive HIV-positive individuals.
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Liver-related (multivariate) Pancreatitis (multivariate) Fig. 2 . Unadjusted and adjusted incidence rate ratios for specific non-AIDS events by viral load strata. In cardiovascular disease (CVD) univariate model, only viral load strata was included in the model. CVD multivariate model also adjusted for sex, ethnic origin, region of Europe, age Ã , hepatitis B surface antigen (HBsAg) Ã , diabetes Ã , smoking status Ã , hypertension Ã , year of follow-up Ã , peak viral load, CD4 cell count Ã and starting combination antiretroviral therapy (cART) Ã . In non-AIDS-defining malignancy (NADM) univariate model, only viral load strata was included in the model. NADM multivariate model also adjusted for sex, ethnic origin, HIV exposure group, region of Europe, age Ã , HBsAg Ã , diabetes Ã , prior AIDS Ã peak viral load Ã and CD4 cell count Ã . In the liver-related univariate model, only viral load strata were included in the model. Liver-related multivariate model also adjusted for HIV exposure group, HBsAg Ã and hepatitis C virus (HCV) antibody status Ã , smoking status Ã , CD4 cell count Ã and starting cART Ã . In pancreatitis univariate model, only viral load strata were included in the model. Pancreatitis multivariate model also adjusted of sex, age Ã , HBsAG Ã and HCV antibody status Ã and prior AIDS. The symbol ' Ã ' denotes time-updated variables.
Looking at specific non-AIDS events in our study, no association was found after adjustment between viral replication and the incidence of NADM, CVD, liverrelated or pancreatitis events. However, these results should be interpreted with caution due to the small number of events in each group. Other studies, including Ferry et al. [5] , have found no association with high viral replication and the development of NADM or related death after accounting for CD4 cell count [4, 22, 23] . However, this is a very heterogeneous group, with many malignancies developing due to different causes. Studies looking at specific NADM found no association between Hodgkin's lymphoma, liver cancer or lung cancer. However, the risk of anal cancer has been found to be higher in individuals with a viral load of more than 100 000 copies/ml [23] . A study by the Concerted Action on SeroConversion to AIDS and Death in Europe (CASCADE) collaboration looking at causes of non-AIDS-related death and immunodeficiency, found a higher risk of CVD related death with high levels of HIV-RNA after accounting for CD4 cell count and whether or not the individual was on cART [22] . The SMART study [19] similarly observed an increased risk of cardiovascular events in individuals with a viral load above 400 copies/ml, after adjustment for most recent CD4 cell count. In our study, a slightly increased incidence of CVD was observed in patients with moderate viral replication; however, this was not seen in those with high viral replication. The CASCADE study [22] also found a moderately significantly increased risk of liver-related death in individuals with a viral load of more than 500 copies/ml and not on cART, but not in those on cART. In our analysis, we observed a nonsignificant trend toward an increased risk. Again this analysis lacked power, as only a small number of liver-related events were observed and, therefore, wide CIs were seen. In the analysis by Ferry et al. [5] , there was a strong association with viral load and non-AIDS bacterial infection which we were unable to look at as a specific endpoint. Deaths due to non-AIDS-related bacterial infection were included in this analysis, but more specific events were not. A larger study with longer follow-up would be needed to analyse the association between each specific non-AIDS events and viral replication further.
Previously in EuroSIDA, we reported that there was a continuum of decreasing risk of AIDS events with increased CD4 cell count even in patients with high CD4 cell counts, but that this same relationship was not seen for non-AIDS events with no further decrease in risk in patients with CD4 cell counts of more than 350 cells/ ml [6] . This earlier analysis included all patients enrolled in EuroSIDA after 1 January 2001, whereas in this current analysis only individuals who were not immunocompromised were selected and the focus was specifically on the relationship of viraemia and the development of AIDS and non-AIDS events and whether this relationship differed at different CD4 cell counts. Our results were consistent with the previous analysis in that we found a lower rate of AIDS events in patients with higher CD4 cell counts, although in this analysis the difference was nonsignificant, and again the relationship was not seen for non-AIDS events. In addition, we also found no evidence that the relationship with viraemia and risk of experiencing an AIDS or non-AIDS event differed at different CD4 cell counts.
There are some limitations to this analysis. These data are from a large observational cohort study and although a number of associated variables were adjusted for in this analysis, there may be other unmeasured or unknown confounders that could not be accounted for. In this study, individuals with a high level of HIV replication are either treatment-naive, have stopped using cART or are on a virologically failing cART regimen. As these individuals were not randomly allocated to starting cART and the situation they are currently in, there may be some confounding between HIV viral load and the reasons why individuals are in these situations. It could be that those individuals with a high viral load are a subpopulation of difficult to manage, or poorly managed individuals who may be noncompliant to treatment, and have exhausted all their treatment options or have a lifestyle that leads to an excess risk of morbidity or mortality. As such, rather than a high viral load being detrimental to the individual, it may be that this is a surrogate marker for a difficult to manage subpopulation. Additionally, there are many clinical situations in which an individual may experience an increase in viral load, such as during a non-AIDS infection or while experiencing drug-drug interaction resulting in nontherapeutic levels of antiretroviral drugs. Some of these situations are unavoidable and it is important to understand any increase in risk these individuals may experience in order for them to receive the appropriate level of care.
Although results such as ours from observational studies help to provide clues which are relevant for making clinical decisions, such as whether to start ART, by far the most optimal means of addressing questions about clinical strategy is through randomized trials. The randomized Strategic Timing of AntiRetroviral Therapy (START) trial is currently in the process of recruiting HIVpositive individuals with a CD4 cell count of more than 500 cells/ml, with the aim to determine whether immediate ART initiation leads to a reduced rate of serious AIDS and serious non-AIDS diseases compared with deferral of ARTuntil the CD4 cell count has reached 350 cells/ml [24] . As well as answering the important strategy question, it should also help increase our knowledge and understanding of the role of uncontrolled HIV-replication in both AIDS and non-AIDS events,
In conclusion, in HIV-positive individuals with a CD4 cell count of more than 350 cells/ml, an increased incidence of AIDS and a slightly increased incidence of non-AIDS were found in those with uncontrolled viral replication. The association with AIDS was clear and consistent. However, the association with non-AIDS was only apparent after adjustment and no differences were observed between intermediate and high viremia.
